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Abstract The hedonic valence of taste perception plays a
crucial role in the control of responses related to feeding
behaviour. Taste and olfaction perception can induce
autonomic responses, such as heart rate variability (HRV),
which are involved in the evoked emotional reactions.
Analysis of HRV can help distinguish sympathetic from
parasympathetic regulation of the sinoatrial node. In this
work, we analysed the HRV associated with oral flavour
stimuli with opposite hedonic dimension and assessed their
sympathovagal balance. ECGs were recorded continuously
on 11 men and 12 women before and after stimulations.
Experiments were performed in two sessions for compar-
ison. ANOVA highlighted the decreases and increases of
sinusal rhythm associated with pleasant and unpleasant
flavour stimulations, respectively. Time and frequency
domain analysis of HRV indicates that bradycardia induced
by the pleasant stimulus can be attributed to an increase in
the vagal tone, whilst tachycardia evoked by the unpleasant
stimulus denotes a reduction of the vagal tone in women
and an increase of the sympathetic tone in men. In
conclusion, our data suggest that the HRV analysis may
represent a valuable tool for autonomic nervous system
response characterization associated to the hedonic dimen-
sion of the complex flavour sensations induced by food
and/or beverages.
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Introduction
The ability to distinguish nutrient-rich food sources from
noxious substances is essential for an animal’s survival
(Scott 2005). Although olfaction and vision participate in
food identification, taste and olfaction in concert act as a
final checkpoint for food acceptance or rejection. These two
senses can also evoke emotional responses (Norgren 1985;
Van Toller 1998) due to their functional connections with
brain structures involved in emotion, such as the hypothal-
amus and limbic system (Aggelton and Mishkin 1986;
Anderson et al. 2003; Herz et al. 2004; Norgren 1985;
Small et al. 2003). The hedonic dimension that a stimulus
arouses in an individual plays a crucial role in the control of
typical taste-mediated responses related to food ingestion or
rejection (Smith and Vogt 1997). Pleasant taste stimuli
evoke acceptance, whereas unpleasant ones elicit rejection,
determining gustatory preference and aversion, respectively.
Besides producing activation in the hypothalamus and
limbic system, taste and olfactory perception can induce
extremely fast autonomic nervous system (ANS) responses,
such as heart rate variations, that can be considered
diagnostic to discriminate different emotions. (Alaoui-
Ismaïli et al. 1997a, b; Bensafi et al. 2002a, b, c; Heuberger
et al. 2001; Horio 2000; Pössel et al. 2005; Robin et al.
1998, 1999; Rousmans et al. 2000). In addition, it is known
that rating methods of these ANS responses can discrimi-
nate more different emotions, especially the negative ones,
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as compared with conscious methods, such as self-report
(Alaoui-Ismaïli et al. 1997b).
Instantaneous heart rate (IHR), which represents the time
course of sinusal rhythm, undergoes continuous fluctuations
as a result of the sympathovagal balance changes (Appel et
al. 1989; Bernardi et al. 1989). These fluctuations represent
the physiological heart rate variability (HRV) in response to
physiological perturbations which, by influencing the tone
of the sympathetic and parasympathetic ANS, determine
changes in the sinusal rhythm (Billman and Dujardin 1990;
Conway et al. 1984; Eckberg 1980; Furlan et al. 1990;
Grossman et al. 1990; McCraty et al. 1995; Molgaard et al.
1991). The analysis of HRV represents a measure of the
cardiac autonomic regulation (Devlin et al. 2003; Gold et
al. 2000; Holguin et al. 2003; Park et al. 2005) and helps
distinguish sympathetic from parasympathetic regulation of
the pacemaker activity of the sinoatrial node on the basis of
latency differences of their respective action mechanisms
(Ori et al. 1992; Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology 1996). The HRV has been used to
evaluate the effect of omega-3 polyunsaturated fatty acids
on cardiovascular events (Romieu et al. 2005). Several
studies reported that analysis of HRV represents a useful
marker to characterize a number of psychological illnesses
or to assess mental stress, thus providing a potential link
between emotional states and HRV (Yeragani et al. 1991,
1993; Sloan et al. 1994). Moreover, the analysis of HRV has
been used to show that such a negative emotion as anger
produces increased sympathetic activity (McCraty et al.
1995; Sloan et al. 1994), whereas positive emotions can
lead to alterations in sympathovagal balance that may be
beneficial in the treatment of hypertension (McCraty et al.
1995). These findings lead to the hypothesis that analysis of
HRV, by characterizing the ANS responses evoked by food
perception, could be considered diagnostic to accurately
discriminate the different emotions induced by food.
Furthermore, HRVanalysis turns out to be a faster objective
(unconscious) rating method with respect to subjective
methods (conscious) such as self-reports. In fact, self-report
implies a cognitive analysis which cannot faithfully
translate the emotional responses preceding cortical inte-
gration. Thus, if the use of verbal reports seems more
suitable for studying the sensation cognitive component,
such autonomic estimations as HRV would instead be more
appropriate to evaluate the emotional aspects of food
perception. The emotional aspects of food perception,
which have both taste and olfaction components, can be
better studied by analysing the effects of multimodal oral
flavour stimuli, such as actual foods, than those evoked by
separately unimodal taste or olfactory stimuli.
The aim of this work was to evaluate the emotional
reactions associated with pleasant and unpleasant multi-
modal oral flavour stimuli by the characterization of sinusal
rhythm autonomic responses and HRV. We hypothesized to
find heart rate variations selectively associated with the
opposite hedonic dimension of flavour perception and to
show that these variations result from specific shifting of
the sympathetic–vagal balance. The neurovegetative char-
acterization of ANS response related to emotional reactions
could represent a reliable and objective tool for defining the
hedonic dimension of food perception. Since the sympa-
thetic and parasympathetic components of cardiac activity
regulation are different in male and female (Evans et al.
2001; Dart et al. 2002), in this study, we analysed the
sympathovagal balance variations in adult male and female
subjects independently.
Methods
Participants
Twenty-three non-smoking volunteers (11 men and 12
women) were recruited at the local university according to
standard procedures. All were Caucasian with ages from 21
to 28 years. The volunteers reported no variation of body
weight greater than 5 kg over the previous 3 months. All
were in good general health with no history of cardiovas-
cular disease and free from deficits in taste or smell by self-
report. They were not following a prescribed diet or using
medications that might interfere with taste or olfactory
perception and were not currently taking prescription drugs
capable of affecting cardiovascular function; none had food
allergies. Subjects were verbally informed about the
procedure and the aim of the study. Each subject reviewed
and signed an informed consent form at the beginning of
the protocol. The study was approved by the Ethical
Committee of the University Hospital of Cagliari and has
therefore been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.
Electrocardiographic Recordings
Electrocardiograms (ECGs) were continuously recorded
during experiments (before, during and after flavour
stimulation) on each volunteer according to Einthoven’s
derivation I. The electric contact between skin and Ag–
AgCl electrodes was made by means of a conductive ECG
gel. ECG signals were derived, amplified and displayed on
the screen of an oscilloscope (Tektronix 5111 A; Tektronix
Inc. Beaverton, OR), stored on a modified video recorder
(Vetter; A.R. Vetter Co. Inc. Rebesburg, PA) and later
analysed by a hardware and software integrated system
(MacLab S System; ADInstruments Ltd., Castle Hill,
Australia).
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Stimuli
The stimuli proposed for evoking flavour sensations with
opposite hedonic tone were chosen on the basis of a verbal
investigation performed on local university students in the
preceding academic year. A nut chocolate cream (CC;
Nutella, Ferrero S.p.A.) and a lemon homogenate (LH)
obtained from lemon pulp were adopted as stimuli capable
of evoking a pleasant and an unpleasant sensation,
respectively. A colourless, tasteless and odourless edible
gelatine (C; cameo S.p.A.) was used as a control. All
stimuli had a creamy consistency. Before starting the testing
session, all stimuli were placed on a table in front of each
volunteer in identical opaque beakers, in order to conceal
their colour, and were presented at room temperature once
as 10-ml samples.
Experimental Protocol
The volunteers were requested to abstain from eating,
drinking, using oral care products, chewing gums and doing
physical exercise or overexerting for at least 4 h prior to
testing. They had to be in the test room 15 min before the
beginning of the session in order to adapt to the
environmental conditions which were kept constant
throughout the experimental session (23–24 °C, 40–50%
relative humidity). They were seated in a comfortable chair.
After positioning of electrodes, a further 20-min resting
time was allowed before starting continuous ECG record-
ing. Then, flavour stimulations were started. The first
stimulus was presented 3 min after beginning of ECG
recording. Stimuli were presented in a random order. For
complete impregnation of the oral cavity, volunteers were
instructed to keep each sample in the mouth for 5 s and then
swallow it. Each stimulus was followed by oral rinsing with
spring water. The interstimulus interval was set at 10 min.
After each stimulation, the subjects were requested to
evaluate the stimulus on a five-point hedonic scale with a
score varying from highly unpleasant (−2) to highly
pleasant (2).
Experiments were repeated on the same volunteers after
a month’s period (second test session) in order to confirm
the results obtained in the first test session. In women, the
tests were always carried out the sixth day of the menstrual
cycle in order to avoid taste and olfaction sensitivity
changes due to the oestrogen phase (Curtis et al. 2005; Di
Lorenzo and Monroe 1990).
Statistical Analysis
Three-way analysis of variance (ANOVA) was used to
compare the effects of flavour stimulations on scores of the
hedonic ratings in women and men in the two test sessions.
The post hoc Tukey test was used for two-by-two
comparisons.
In a continuous ECG recording, each cardiac cycle was
detected by identifying the three-wave complex (QRS) that
represents the electrical activity generated by ventricular
depolarization preceding ventricular contraction. The dura-
tion of the interval between adjacent R waves (RR) of
successive heartbeats were taken as a measure of IHR. A
diagram called tachogram, which represents the interval RR
between heartbeats as a function of the number of heart-
beats, showed that changes of IHR following each flavour
stimulation ended within a time frame of about 80 s,
corresponding to 100 heartbeats (data not shown). There-
fore, we only took into consideration the IHR detected
within the 100 cardiac cycles preceding and the 100
following each flavour stimulation. The effects of control
stimulation on RR intervals were compared with the pre-
stimulus values by one-way ANOVA. Three-way ANOVA
was used to compare the effects of flavour stimulations on
RR intervals in women and men in the two test sessions.
The post hoc Tukey test was used for two-by-two
comparisons. All differences were considered significant
at a level of p<0.05. Statistical tests were conducted using
Statistica for Windows (version 6.0, StatSoft Inc., Tulsa,
OK, USA).
Analysis of HRV
The analysis of HRV can be made in the time and frequency
domain starting from electrocardiographic recordings
obtained over long or short time periods, provided that the
measures of RR interval duration are reliable (Task Force of
the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology 1996).
We obtained the following time domain parameters: (a) the
standard deviation of all normal RR intervals (SDNN) as a
measure of both short- and long-term variability due to both
sympathetic and parasympathetic activities and (b) the
square root of the mean of the squares of successive RR
interval differences (rMSSD), which is only influenced by
the short-term fluctuations and computes the parasympa-
thetic modulation (Stein 2002; Stein and Kleiger 1999).
SDNN and rMSSD were calculated over the 100 cycles
preceding and the 100 ones following each stimulation.
Differences were compared by the “matched-paired” Stu-
dent’s t test. Results obtained after the three stimulations in
the first test session were compared with those of the
second one by two-way ANOVA for repeated measures.
The HRVanalysis in the frequency domain was performed
by estimating the fast Fourier transform and power spectral
density over each RR interval tachogram using Chart 5–
HRV Module software (ADInstruments Ltd.). Each power
spectrum was divided into two major frequency ranges: low
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frequency (LF, 0.04–0.15 Hz), as a measure of total HRV
due to both sympathetic and parasympathetic activities, and
high frequency (HF, 0.15–0.4 Hz), exclusively due to the
parasympathetic activity (Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology 1996). The integral of power
spectrum within each frequency range was calculated.
Percentage changes in LF and HF power areas of the 100
cycles following pleasant and unpleasant stimulations with
respect to the control were calculated and the differences
compared by the “matched-paired” Student’s t test.
Results
Three-wayANOVA showed that the hedonic score variedwith
the type of applied stimulus (F(2,126)=2,524.7, p<0.0001),
but depended neither on the sex (F(2,126)=0.243, p=0.785)
nor on the test session (F(2,126)=0.1079, p=0.897). Post
hoc comparison showed that the mean values±SEM of
hedonic scores associated with each stimulation were
significantly different from each other (p<0.0001, Fig. 1).
CC was rated as strongly pleasant, LH as strongly unpleasant
and C neither pleasant nor unpleasant. Results of the two test
sessions were equal. After taking the test, volunteers defined
CC as having a sweet flavour, LH a sour flavour and C
flavourless.
Multifactorial ANOVA revealed a two-way significant
interaction of stimulus type × sex on RR interval
following stimulation (F(2,14388)=3.34, p=0.036), but
showed no three-way interaction when including test
session (F(2,14388)=0.68, p=0.51; Fig. 2). Although the
values of RR interval were higher in men as compared
with women (F(1,14388)=2441.9, p<0.001), in both
sexes, the two-by-two comparison showed an increase
(p≤0.0021 in women and p≤0.0027 in men) and a
decrease (p≤0.00002 in women and p≤0.0022 in men)
of the RR interval mean associated with the pleasant and
unpleasant stimulations, respectively, against the control.
Control stimulation did not produce significant changes of
RR interval mean value (p>0.05) with respect to the pre-
stimulus value (0.751±0.0037 s in the first test session
and 0.749±0.0044 s in the second test session in women;
0.813±0.0031 s in the first test session and 0.819±
0.00313 s in the second test session in men).
The results of time domain analysis of HRV performed
over the cardiac cycles following each stimulation in both
sexes in the first test session are shown in Fig. 3. In
particular, SDNN (upper graphs) and rMSSD (lower
graphs) after pleasant stimulation (black bars) increased
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Fig. 1 Mean values ± SEM of hedonic scores associated with each
stimulation in women (left graph) and in men (right graph) in the first
test session. All individuals rated −2 the unpleasantness of LH and +2
the pleasantness of CC in both test sessions. Results of the two test
sessions were equal. *Significant difference (p<0.0001 in both sexes,
post hoc Tukey test subsequent to three-way ANOVA). CC nut
chocolate cream, LH lemon homogenate, C control
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Fig. 2 Mean values ± SEM of RR intervals of the cardiac cycles
following each flavour stimulation measured in women (left
graphs) and in men (right graphs) in the first test session (upper
graphs) and in the second test session (lower graphs). *Significant
difference (p≤0.0027, post hoc Tukey test subsequent to three-way
ANOVA)
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Fig. 3 Time domain analysis of HRV performed over the cardiac
cycles following each stimulation in women (left graphs) and in men
(right graphs) in the first test session. Mean values ± SEM of SDNN
(upper graphs) and mean values ± SEM of rMSSD (lower graphs). No
significant differences were found between SDNN and rMSSD
calculated in the first and second test sessions (p>0.05, two-way
ANOVA for repeated measures). *Significant difference from control
stimulation values (p≤0.0213, matched-paired Student’s t test)
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with respect to control stimulation (white bars), both in
women (p=0.0213 and p=0.0173, respectively) and in men
(p=0.0135 and p=0.0032, respectively). After unpleasant
stimulation, SDNN (grey bars, upper graphs) showed a
tendency to decrease in women and increase in men,
although not significant. Besides, rMSSD (grey bars, lower
graphs) significantly decreased in women (p=.0162) and
tended to decrease in men. No significant differences were
found between SDNN and rMSSD calculated in the first
and second test sessions (F(2,354)=0.3069, p=0.7358, and
F(2,354)=0.2499, p=0.7789, in women; F(2,339)=0.1868,
p=0.8296, and F(2,339)=0.5593, p=0.5781, in men).
The frequency domain analysis of HRV of the cardiac
cycles following pleasant and unpleasant stimulations is
shown in Fig. 4. In the two sexes, both LF and HF power
areas showed percentage increases following pleasant stim-
ulation as compared with the control values (p≤0.001), and
in women, the increase of HF power area was higher than
that of LF power area (p=0.012). Differently, after
unpleasant stimulation, HF power area increased only in
women (p=0.003) and LF power area increased only in
men (p=0.005), as compared with the control stimulation.
Discussion
In the present study, we determined the autonomic
responses of sinusal rhythm and evaluated changes of the
sympathetic–vagal balance to pleasant and unpleasant
multimodal oral flavour stimuli. Our results suggest that
the antagonist responses of sinusal rhythm are selectively
associated with the opposite hedonic dimension of flavour
perception. In fact, the nut chocolate cream and lemon
homogenate, classified in the hedonic test as pleasant and
unpleasant oral flavour stimuli, determine bradycardia and
tachycardia, respectively, both in women and men. Instead,
the neutral stimulus (control) resulted ineffective in induc-
ing changes of sinusal rhythm. Indeed, no changes of RR
intervals were detected after control stimulation with
respect to the pre-stimulus value. The fact that the control
stimulus did not evoke variations from base activity
supports the idea that the variations observed following
pleasant or unpleasant stimulation are due to the stimuli
themselves and not to the experimental procedure.
Furthermore, our results suggest that the antagonist
responses of sinusal rhythm evoked by pleasant and
unpleasant flavour stimulations are due to specific shifting
of the sympathetic–vagal balance that, for the unpleasant
stimulus, seems to be different in the two sexes. The time
and the frequency domain analysis of HRV suggests that the
bradycardia induced by the pleasant stimulus could be
attributed to an increase in the vagal tone in both women
and men. In fact, after the nut chocolate cream perception,
we found an increase of SDNNs that represents an increase
of both sympathetic and parasympathetic activities and of
rMSSDs that indicate an increase of vagal tone. Besides,
the pleasant stimulus produced the highest increase of
power area in the HF range, which indicates a raise of
parasympathetic activity. Conversely, tachycardia evoked
by the unpleasant stimulus could be due to a reduction of
the vagal tone in women and to an increase of the
sympathetic activity in men. Indeed, after the lemon
homogenate perception, we found a decrease of rMSSD
and an increase of HF in women, whilst in men we
observed an LF increase without HF increase and a trend to
an increase of SDNN and to a decrease of rMSSD, which
points to an increase of sympathetic activity.
The increase of vagal activity we found after pleasant
perception might represent a preparatory mechanism for the
responses associated with food ingestion, such as salivary
secretion, swallowing, increased gastric motility and intes-
tinal secretion, and a larger blood flow to the gastrointes-
tinal system. Instead, the decrease of the parasympathetic
tone induced in women by perception of the unpleasant
stimulus might represent a restraint for responses related to
food ingestion. In men, the increase of sympathetic activity
evoked by unpleasant perception seems to flag a state of
alert to avoid food intake. These results add evidence to the
findings of several studies suggesting that men have a
preponderance of sympathetic over vagal control of the
cardiac function as compared with women who, on the
contrary, have a preponderance of vagal over sympathetic
responsiveness (Evans et al. 2001; Dart et al. 2002).
Our results also seem to suggest that the pleasant flavour
stimulation, by evoking heart rate and HRV changes, might
represent in human a natural rewarding mechanism for
stress buffering, similar to what was observed in rats where
the sucrose dessert paradigm reduces neuroendocrine,
cardiovascular and behavioural responses to stress (Ulrich-
Lai et al. 2010). However, we found that the pleasant
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Fig. 4 Frequency domain analysis of HRV performed in women (left
graph) and in men (right graph) in the first test session. Mean
percentage changes (±SEM) of LF and HF power areas of the cardiac
cycles following pleasant (black bars) and unpleasant (grey bars)
stimulation as compared with control values. *Significant difference
(p≤0.005, matched-paired Student’s t test). Different letters indicate
significant difference (p=0.012, matched-paired Student’s t test)
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flavour stimulation induces bradycardia via an increase of
the vagal tone, whilst Ulrich-Lai et al. (2010) showed that
the sucrose dessert paradigm reduces restraint-induced
tachycardia via a decrease of sympathetic drive. In addition,
our data suggest that pleasant flavour stimulations, as
previously shown for mental emotional states of apprecia-
tion (McCraty et al. 1995), may have a positive impact on
cardiovascular function by causing a shifting of the
sympathovagal balance towards a greater vagal activation.
In conclusion, our study indicates that the sinusal rhythm
autonomic responses and HRV analysis can represent a
simple, objective and reliable tool for the evaluation of
emotional reactions associated with the hedonic dimension
of flavour perception. Such neurovegetative characteriza-
tion could then be used for the definition of hedonic
dimension of complex flavour sensations induced by food
and/or beverages and may find application for new product
development and marketing in food industry.
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